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Abstract : We evaluated the patterns of serology and fecal viral shedding for any differences by hemagglutination
inhibition (HI) and real-time PCR on Korean CPV-2 isolates (CPV-2a-I, CPV-2a-V and CPV-2b). We successfully
detected fecal viral shedding from samples extracted 2-3 d.p.i., regardless of the onset of clinical signs. In addition,
the pattern of viral shedding differed depending on the CPV-2 isolates used for inoculation. We also observed differences
in the serological pattern that was also depended on the CPV-2 isolates inoculated. The onset and amount of fecal
viral shedding were not correlated with the level of antibody titers in this study. Our study is a valuable resource
for understanding the different pathobiology of the CPV-2 isolates and the correlation between the patterns of serum
antibody titer and fecal viral shedding. 
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Introduction

Canine parvovirus type 2 (CPV-2), is a subgroup of the

genus Parvovirus, the major pathogen of acute hemorrhagic

gastroenteritis in puppies (1). CPV-2 is antigenically and geneti-

cally related to the feline panleukopenia virus (FPLV).

There are only a few amino acid differences between CPV-

2 and FPLV (14,19). CPV-2 was first reported in the late

1970s (2), and since then, has been replaced by two new

antigenic variants, type 2a and 2b (17,20). Recently, a third

antigenic variant, CPV-2c has been reported in several coun-

tries (3,5,16).

Despite an active protection program, canine parvovirus 2

(CPV-2) is still found throughout Korea, where CPV-2

remains the most common pathogen for hemorrhagic enteri-

tis in pups (10). Recently, CPV type 2a has been identified as

the most prevalent isolate of CPV-2 and to a lesser extent,

CPV type 2b in Korea (11,15). In a recent epidemiological

study, we found CPV-2a was further subdivided into CPV-2a-

I to CPV-2a-V, based on amino acid substitutions in the VP2

gene (10). Furthermore, we found that CPV-2a-I and CPV-

2a-V were the most prevalent variants in Korea (10).

Previously, ELISA and hemagglutination (HA) tests were

the methods of choice used to detect viruses in the feces of

CPV-2 infected animals (13,21). These methods were replaced

by a polymerase chain reaction (PCR) method due to its

higher sensitivity (3,18). Since then, real-time PCR (or quan-

titative PCR) is preferred due to a higher sensitivity and

accuracy compared to the previous methods used (6). There-

fore, CPV-2 infected animals with a very low titer can still be

detected.

The aim of our study was to evaluate the differences in the

patterns of serology and of fecal viral shedding by using an

hemagglutination inhibition (HI) test and real-time PCR on

Korean CPV-2 isolates (CPV-2a-I, CPV-2a-V and CPV-2b).

Materials and Methods

Subjects

Prior to the onset of our investigation, we obtained the

approval of the animal ethics committee of Kangwon

National University. This animal testing program (including

animal care, euthanasia and disposal of dead animals) strictly

adhered to the guidelines of the National Research Council

of the Korea. Fifteen mixed breed puppies aged 6-8 weeks

were screened and selected based on having a negative CPV

response using a commercially available test kit (Canine Par-

vovirus antigen kits, Idexx, USA). Only dogs with no protec-

tive maternal antibody against CPV-2, confirmed by the HI

test were enrolled in this study. The animals selected were

further subdivided into three groups of 5. The animals were

housed individually and fed twice daily on a commercial

meat based diet. Water was freely available at all times. Prior
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to inoculation, all animals were tested for no pre-existing

CPV-2 infection, which was confirmed from the feces of all

animals by evidence of the lack of viral shedding, using a

PCR method previously described (10). One milliliter

(106TCID50) of each field virus (CPV-2a-I, CPV-2a-V or

CPV-2b), all of the third passage, were used to inoculate each

group of animals oronasally.

After viral inoculation, fecal samples were collected daily

for 15 days for confirmation of CPV-2 infection by real-time

PCR analysis. Serum samples were also collected everyday

post-infection for evaluating the antibody response to CPV-2

using an HI test. 

Viruses

All CPV-2 variants were obtained from naturally infected

dogs. These were propagated in a canine fibroma cell line

A72 and grown (for 72h at 37 oC in 5 % CO2) in Dulbeco’s

modified Eagle’s medium supplemented with 10% fetal

bovine serum. CPV-2a-I is found only in Korea with the amino

acid substitution Asp413Asn, Ile418Thr and Thr440Ala in

the VP2 gene of the CPV-2a strain (Table 1). CPV-2a-V has

a Tyr324Ile substitution (Table 1), found in Korea and in

other countries such as Italy, Vietnam, Taiwan and USA.

CPV-2b is found worldwide and has a Asn426Asp substitu-

tion in the CPV-2a strain (Table 1). 

Real-time PCR assay

DNA for real-time PCR analysis was extracted from feces

using an AccuPrep® Genomic DNA Extraction Kit (Bioneer

Corporation, Korea). The DNA samples were diluted 1:10 in

distilled water, to reduce the levels of residual inhibitors of

DNA polymerase activity which is detrimental to the assay.

Real-time PCR was performed on duplicates of the CPV

standard and DNA samples simultaneously as described pre-

viously (6), in a Rotor-GeneTM 3000 (Corbett research, Aus-

tralia). The setup of each reaction consisted of a 25 µl PCR

reaction containing 12.5 µl of master mix, 600 nM of prim-

ers CPV-for and CPV-Rev, 200 nM of CPV-Pb probe (Table

2), and 10 µl of DNA. Serial 10-fold dilutions (representing

from 109 to 102 DNA copies/10 µl of standard DNA) of plas-

mid containing the nearly full-length genome of CPV-2 were

used to generate a standard curve. For a precise quantifica-

tion of CPV-2 DNA in all fecal samples, fixed amount of

universal internal control were added into fecal samples. For

preparing universal internal control, pGEM-cGATA4 plas-

mid was made and purified as described in Lee et al. (12).

The 5×106 copies/ µl of pGEM-cGATA4 plasmid DNA

was added into each in 1 ml of fecal suspension. The CPV-2

and pGEM-cGATA4 real-time PCR assays were carried out

as a duplex PCR in a single tube, with the condition as fol-

lows: the thermal conditions were for a duplex real-time PCR

assay: activation of Taq DNA polymerase at 95 oC for 10 min

and 40 cycles consisting of denaturation at 95 oC for 10 min

and 40 cycles consisting of denaturation at 95 oC for 15 sec,

primer annealing at 52 oC for 30 sec and extension at 59 oC

for 1 min. GATA-Ex3F (5’-cagcacttgccttctatttg-3’) and GATA-

Ex3R (5’-ctgccctccccctgcttgtgt-3’) primers were used for the

amplification of internal control. Fluorescence (F1 filter) was

Table 1. Amino acid sequence variations of the VP2 gene of canine parvovirus type 2 in reference strains and Korean isolates used
in this study.

Amino

acid

position

Reference strains Korean isolates

CPV-2 CPV-2a CPV-2b CPV-2c CPV-2a-I CPV-2a-V CPV-2b

87 Met Leu Leu Leu Leu Leu Leu

101 Ile Thr Thr Thr Thr Thr Thr

300 Ala Gly Gly Gly Gly Gly Gly

305 Asp Tyr Tyr Tyr Tyr Tyr Tyr

324 Tyr -* - - - Ile -

413 Asp - - - Asn - -

418 Ile - - - Thr - -

426 Asn - Asp Glu - - Asp

440 Thr - - - Ala - -

555 Val - - - - - -

 * (-) means no difference from CPV-2 reference strain. 

Table 2. Sequence and position of oligonucleotides used in the study.

Primer

/probe
Sequence 5’ to 3’ Sense

Amplicon

size (bp)

CPV-For

CPV-Rev

CPV-Pb

AAACAGGAATTAACTATACTAATATATTTA

AAATTTGACCATTTGGATAAACT

FAM-TGGTCCTTTAACTGCATTAAATAATGTACC-TAMRA

+

-

+

93

FAM = 6-carboxyfluorescein; TAMRA = 6-carboxytetramethylrhodamine.
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measured (excitement: 488 nm, emission: 560 nm) at the end

of each extension step. To verify the presence of the desired

PCR product, melting analysis was conducted. The data eval-

uation was accomplished using the Light Cycler Data Analy-

sis software (Corbett research, Australia). 

Hemagglutination inhibition (HI) test

The HI test was performed on the serum as described by

Carmichael et al. (4), with minor modifications. The tests

were performed at 4 oC in 96 well V-plates, using 10 hemag-

glutination units of CPV-2 antigen and 1 % pig erythrocytes.

Each serum sample was diluted two-fold in PBS starting

from 1:10. The HI titer was indicated as the highest serum

dilution completely inhibiting viral hemagglutination.

Results

Fecal shedding

The median titers of CPV-2 DNA from the Korean iso-

lates detected by real-time PCR of feces from each group

were shown in Fig 1. Very low titers of CPV-2 DNA were

shown on the first day after inoculation for all groups. In all

groups, fecal shedding was confirmed by the real-time PCR

assay. However, detecting the earliest and the peak time of

CPV-2 infection differed between groups. Viral shedding was

detected at 2 d.p.i. for the CPV-2b group, and a peak time at

3 d.p.i. Fecal shedding for CPV-2b decreased during 4 to 7

d.p.i. After 7 d.p.i, viruses in the feces were found to have a

very low titer (Fig 1). On the other hand, viral shedding was

also detected at 2 d.p.i, with a peak time at 5 d.p.i for the

CPV-2a-I variant. Although the amount of fecal viral shed-

ding increased gradually, the duration and severity of viral

shedding for the CPV-2a-I variant were the longest and high-

est among the Korean CPV-2 isolates (Fig 1). Viral shedding

was detected at 3 d.p.i for the CPV-2a-V group, but

decreased at 8 d.p.i (Fig 1). 

Serology

Serological analyses on the Korean CPV-2 isolates were

evaluated by the HI test (Fig 2). The antibody titers for the

CPV-2a-I and CPV-2a-V groups slowly increased reaching

the protective level at 8 d.p.i., and continued to increase till

Fig 2. Patterns of serological changes in dogs after inoculating different type of Korean CPV-2 isolates. Values are geometric means

of HI titers of each group.

Fig 1. Patterns of fecal viral shedding in Korean CPV-2 isolates evaluated by real-time PCR. Values are expressed as median titers

of viral-DNA copy numbers/mg feces of each group. 



438 Hyeong-Sun Moon et al.

the end of the study. In contrast, the antibody titer for the

CPV-2b group increased at a faster rate reaching the protec-

tive level at 5 d.p.i. Unlike the CPV-2a groups, the antibody

titer for the CPV-2b group did not continue to increase or

maintain the peak level (Fig 2). 

Discussion

Even now the CPV-2 virus, which is prevalent in Korea, is

easily transmitted via oronasal infection and is especially

fatal in puppies (10). ELISA and HA test which were tech-

niques used in the past have low sensitivity (13,21), and PCR

was put to general use (3,18), it cannot quantify the amount

of viruses. The immuno-fluorescence antibody (IFA) test

which uses cell culture to titrate the amount of viruses, it

consumes a lot of time and the process is complicate. How-

ever, because real-time PCR has high sensitivity and can rel-

atively quantify the amount of viruses, it can diagnose CPV-2

rapidly and accurately (6).

In this study, fecal shedding was confirmed by real-time

PCR assay from each group. We found very low titers of

CPV-2 DNA on the first day after inoculation for all groups.

The observed early detection of CPV-2 in the fecal samples

might be due to the shedding of residual challenge viruses as

reported previously (7). We also found a fecal viral shedding

in all groups. According to literatures, viral shedding can be

detected up to 7 d.p.i by the HA test and 12 d.p.i by virus

isolation in cell cultures (4,18). However, it can be detected

by 5 d.p.i. using the real-time PCR assay (8). In this study,

fecal shedding of the Korean isolates were detected from 2-3

d.p.i. After inoculation, CPV-2b was the first to be detected,

which peaked at 3 d.p.i. whereas CPV-2a-I and CPV-2a-V

peaked at 5 d.p.i. The observed rapid increase in fecal shed-

ding for CPV-2b showed was barely detectable after 7 d.p.i.

In this study, the antibody titer in the CPV-2b group was

observed to rapidly increased reaching the protective level

faster than the other isolates. Since fecal viral shedding are

affected by level of the host antibody (9), the earliest increase

and steepest decrease in the amount of fecal viral shedding as

observed in the CPV-2b group, might be related to the differ-

ent immunogenicity of each CPV-2 variant. However,

although the earliest detection of antibody and the level of

antibody titer maintained were similar in the CPV-2a-I and

CPV-2a-V groups (most prevalent strains in Korea), the pat-

terns of fecal viral shedding in these two CPV-2a variants

were quite different. This suggests that there are other fac-

tors that can influence the amount of fecal viral shedding. 

According to the literature, the incubation period of CPV-2

infection is around 3-10 days and clinical signs occur after

the incubation period (1). Fecal viral shedding is generally

observed after the clinical signs are obvious (1). However, in

this study, pups infected with CPV-2 isolates were found to

shed viruses 2-3 days after infection, regardless of the

appearance of clinical signs. This finding is in stark contrast

to earlier studies (1). However, the early detection of fecal

viral shedding might be due to the superior sensitivity of the

real-time PCR assay, rather than due to difference in patho-

genicity among the CVP-2 variants. 

In conclusion, this study evaluated the differences in the

patterns of serology and fecal viral shedding using the HI test

and real-time PCR on Korean CPV-2 isolates (CPV-2a-I,

CPV-2a-V and CPV-2b). Our study found that fecal viral

shedding was detected at 2-3 d.p.i., regardless of the onset of

clinical sings. In addition, the patterns of viral shedding dif-

fered depending on the CPV-2 isolate inoculated. Although

the earliest increase in antibody titer was observed in the

CPV-2b group, higher antibody titers were maintained in the

CPV-2a groups. There patterns of serology and fecal viral

shedding observed in our study was not consistent to that

observed in earlier studies. Due to the lack of studies that

address the pattern of fecal viral shedding and immunogenic-

ity among CPV-2 variants, our findings are a valuable

resource for understanding the different pathobiology of

CPV-2 variants and the correlation between patterns of serum

antibody titer and fecal viral shedding. However, our study is

also limited, in that we did not include the original CPV-2 in

our study. Furthermore, our findings were from a study per-

formed on dogs that were experimentally infected.

Acknowledgements

This study was supported by the research grant from the

National Veterinary Research and Quarantine Services (Z-AD12-

2007-07-01), and Science and Technology Scholarship. 

References

1. Appel MJ, Scott FW, Carmichael LE. Isolation and

immunisation studies of a canine parco-like virus from

dogs with haemorrhagic enteritis. Vet Rec 1979; 105: 156-

159.

2. Appel MJ, Cooper BJ, Greisen H, Scott F, Carmichael LE.

Canine viral enteritis. I. Status report on corona- and

parvo-like viral enteritides. Cornell Vet 1979; 69: 123-133.

3. Buonavoglia C, Martella V, Pratelli A, Tempesta M, Cavalli

A, Buonavoglia D, Bozzo G, Elia G, Decaro N, Carmichael

L. Evidence for evolution of canine parvovirus type 2 in

Italy. J Gen Virol 2001; 82: 3021-3025.

4. Carmichael LE, Joubert JC, Pollock RV. Hemagglutination

by canine parvovirus: serologic studies and diagnostic appli-

cations. Am J Vet Res 1980; 41: 784-791.

5. Decaro N, Desario C, Addie DD, Martella V, Vieira MJ,

Elia G, Zicola A, Davis C, Thompson G, Thiry E, Truyen

U, Buonavoglia C. The study molecular epidemiology of

canine parvovirus, Europe. Emerg Infect Dis 2007; 13:

1222-1224.

6. Decaro N, Elia G, Martella V, Desario C, Campolo M,

Trani LD, Tarsitano E, Tempesta M, Buonavoglia C. A

real-time PCR assay for rapid detection and quantitation of

canine parvovirus type 2 in the feces of dogs. Vet

Microbiol 2005; 105: 19-28.

7. Decaro N, Campolo M, Desario C, Elia G, Martella V,



Serological Patterns and Fecal Viral Shedding in Korean CPV-2 isolates 439

Lorusso E, Buonavoglia C. Maternally-derived antibodies in

pups and protection from canine parvovirus infection. Bio-

logicals 2005; 33: 261-267.

8. Decaro N, Desario C, Campolo M, Elia G, Martella V,

Ricci D, Lorusso E, Buonavoglia C. Clinical and virological

findings in pups naturally infected by canine parvovirus

type 2 Glu-426 mutant. J Vet Diagn Invest 2005; 17: 133-138.

9. Elia G, Cavalli A, Cirone F, Lorusso E, Camero M,

Buonavoglia D, Tempesta M. Antibody levels and protection

to canine parvovirus type 2. J Vet Med B Infect Dis Vet

Public Health 2005; 52: 320-322.

10. Jeoung SY. Epidemiological studies on the canine parvovirus

in Korea. PhD Dissertation, Kangwon National University,

Chuncheon, Korea 2007.

11. Kang BK, Song DS, Lee CS, Jung KI, Park SJ, Kim EM,

Park BK. Prevalence and genetic characterization of canine

parvoviruses in Korea. Virus Genes 2008; 36: 127-133.

12. Lee SA, Lee SG, Moon HS, Lavulo L, Cho KO, Hyun C.

Isolation, characterization and genetic analysis of canine

GATA4 gene in a family of Doberman Pinschers with an

atrial septal defect. J Genet 2007; 86: 241-247. 

13. Mochizuki M, San Gabriel MC, Nakatani H, Yoshida M,

Harasawa R. Comparison of polymerase chain reaction with

virus isolation and haemagglutination assays for the detection

of canine parvoviruses in faecal specimens. Res Vet Sci

1993; 55: 60-63.

14. Mochizuki M, Harasawa R, Nakatani H. Antigenic and

genomic variabilities among recently prevalent parvoviruses

of canine and feline origin in Japan. Vet Microbiol 1993;

38: 1-10.

15. Moon HS, Lee SA, Lee SG, Choi R, Jeoung SY, Kim D,

Hyun C. Comparison of the pathogenicity in three different

Korean Canine Parvovirus 2 (CPV-2) isolates. Vet Microbiol;

131: 47-56

16. Nakamura M, Tohya Y, Miyazawa T, Mochizuki M, Phung

HT, Nguyen NH, Huynh LM, Nguyen LT, Nguyen PN,

Nguyen PV, Nguyen NP, Akashi H. A novel antigenic

variant of Canine parvovirus from a Vietnamese dog. Arch

Virol 2004; 149: 2261-2269.

17. Parrish CR, Aquadro CF, Strassheim ML, Evermann JF,

Sgro JY, Mohammed HO. Rapid antigenic-type replacement

and DNA sequence evolution of canine parvovirus. J Virol

1991; 65: 6544-6552.

18. Pereira CA, Monezi TA, Mehnert DU, D'Angelo M,

Durigon EL. Molecular characterization of canine parvovirus

in Brazil by polymerase chain reaction assay. Vet Microbiol

2000; 75: 127-133.

19. Reed AP, Jones EV, Miller TJ. Nucleotide sequence and

genome organization of canine parvovirus. J Virol 1988;

62: 266-276.

20. Truyen U, Platzer G, Parrish CR. Antigenic type distribution

among canine parvoviruses in dogs and cats in Germany.

Vet Rec 1996; 138: 365-366.

21. Uwatoko K, Sunairi M, Nakajima M, Yamaura K. Rapid

method utilizing the polymerase chain reaction for detection

of canine parvovirus in feces of diarrheic dogs. Vet Microbiol

1995; 43: 315-323. 


